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(54) Title: ELECTROOPTICAL SENSOR SYSTEM FOR MARINE SEISMIC DATA ACQUISITION 




(57) Abstract 

The present invention concerns a system Cor detecting and acquiring marine seismic data generated by conventional seis- 
mic signal sources. The system consists of an electrooptic sensor (1) and a signal processor (10). The electrooptic sensor emits 
light energy which when reflected from the scanned sea surface (4) is frequency shifted by movements in the water surface, creat- 
ed due to incoming seismic pressure waves (3). The reflected light signal is received separately from each surface part (12) by the 
electrooptic sensor, processed in the signal processor and recorded in a data recorder (11). This system entails that the activity of 
mapping underground formations at sea can be done without using seismic streamer cables. 
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ELECTROOPTICAL SENSOR SYSTEM FOR MARINE SEISMIC DATA ACQUISITION 



Previously known methods regarding seismic investigations 
for determining the occurrence of oil and gas by mapping 
underground rock formations at sea, are based upon collecting 
pressure data from sound waves generated by air guns , explosives 
or other similar sound sources , and which after reflections in 
the underground formations are sensed by a large number of 
hydrophones mounted in long cables or streamers and towed under 
the water surface behind a vessel. These hydrophone streamers 
are divided in sections (hydrophone groups) , which sections are 
also referred to as channels. The seismic sound source is 
fired in approximately 25 m intervals, and each subsequent 
measurement is made in a time period of approximately 
6-8 seconds. Normally, each channel is sampled using 2 or 4 ms 
intervals. The aquired data are recorded separately from each 
channel and converted to a digital format, since the subsequent 
processing of the recorded information is very comprehensive 
and is executed in a digital format. 

Since large water areas are to be covered by densely 
spaced scan lines, these methods involve a time consuming and 
therefore cost demanding activity, which activity is also to a 
large extent dependent on outside conditions like seaway, ocean 
currents and ice. 

The purpose of the present invention is to make possible 
the aquisition of conventional seismic data without using the 
above mentioned streamers, and thus simplifying the activity, 
with economic gains as a consequence. 

In the following, the invention will be described further 
by means of the following drawing figures: 

Fig. 1 illustrates the basic concept of the present 
invention. 

Fig. 2 illustrates in a schematical manner how the 
position of a scanned surface part is related to a reference 
point (the sensor system) . 

From fig. 1 appears a method where the electrooptic sensor 
1 is mounted in a mast in the vessel which generates the seismic 
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pressure waves 2 by means of seismic sound sources 5, and scans 
in separate surface parts 12 those water areas which are of 
interest for the data aquisition. These surface parts correspond 
to the separate hydrophone groups (channels) in the systems 
used to-day, which normally have an approximate length of 
10-2 0 m. The pressure waves 3 reflected from the underground 
formations 7 create movements in the water surface 4 . The 
vertical velocity component of the oscillating movement of the 
water surface constitutes the interesting information, and is 
sensed by means of the emitted light signal 6, the frequency of 
which will be changed in the reflection against the water 
surface, through Doppler shift* The light beam will be 
reflected not only by the water surface, but also by particles 
and other discontinuities in the interface layer water/air. 
The frequency changes of the light signal are detected in the 
sensor system receiver and converted to live amplitude data 
which are proportional to the sound pressure of the pressure 
waves incident on the surface parts. This information is 
processed further in the signal processor 10 to provide a 
signal format which is compatible with the signals from the 
hydrophone groups ordinarily used to-day. The signals are 
thereafter recorded in a digital format in a standardized data 
recorder 11. 

In this manner the total cost of the electrooptical sensor 
system can be minimized, since investments already made 
regarding signal processing and data recording equipment are 
utilized. 

The electrooptic sensor senses continuously the sea 
surface in surface parts, in the manner indicated in fig. 2. 
Each surface part corresponds to a hydrophone group (channel) 
in the known aquisition system. The position of each scanned 
surface part 12 is related to a reference point by recording 
the radial angle (u) and the vertical angle (v) in which the 
light beam is emitted and received in each measuring event. 

With to-day's system based upon the use of hydrophones, 
also undesired signals will be recorded together with the 
primary signals. Such perturbations are usually constituted by 
larger or smaller sea waves. Since the recording of the 
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reflected light signal is made over a surface part, the area of 
this surface part can be chosen in such a manner as to avoid that 
these surface-generated perturbations are in phase over the 
scan surface. On the other hand, the seismic primary signals 
will impinge on the sea surface with an angle close to 90 
degrees, and will therefore be recorded in phase over all of 
the scan surface (the surface part) . 

It is also possible to arrange two or more electrooptic 
sensors in different positions, so that the simultaneously 
emitted light beams impinge on and scan the scan surface part 
with different incidence angles. In this case the recorded 
data will contain information to render possible a: further 
forward filtering and amplifying of the seismic primary signals 
in relation to the surface-generated perturbations. 
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PATENT CLAIMS 



1. Electrooptical sensor system (1) for detecting and 
aquiring marine seismic data generated by conventional seismic 
signal sources (5) , 

characterized in that said sensor system (1) 
consists of an optical transmitter (LASER) (8) which emits 
light energy (6) toward a water surface (4) , an optical 
receiver (9) which detects those light signals returned by 
reflection in the water surface and Doppler shifted by particle 
movements generated in the interface layer water/ air by seismic 
pressure waves (3) incident toward said water surface, as well 
as a signal processor (10) which converts the Doppler information 
in said light signals into electrical signals which contain 
data regarding the pressure variations in the seismic pressure 
waves . 

2. System in accordance with claim 1, 

characterized in that said sensor system (1) is 
mounted in a vessel equipped with a means (5) for generating 
seismic pressure waves. 

3 . System in accordance with claim 1 , 

characterized in that said sensor system (1) is 
adapted for continuously scanning the sea surface in surface 
parts , said surface parts corresponding one by one to a hydro- 
phone group (channel) in to-day' s aquis it ion systems. 

4. System in accordance with claims 1 and 3, 

characterized in that two or more sensor systems 
(1) are mounted in such a manner as to scan the sea surface 
simultaneously in different surface parts. 

5 . System in accordance with claims 1 and 3 , 

characterized in that two or more sensor systems 
(1) are mounted in such a manner as to scan the sea surface 
with different incidence angles simultaneously in the same 
surface parts. 
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6. System in accordance with claim 1., 

characterized in that said sensor system (1) is 
mounted in an air vessel, or in a fixed installation at sea or 
on land. 
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